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Part C. EXTENSION OF THE THEORY OF MASS SPECTROflETRY BY COiClPUTER 

DBJECTIVES: 

Part C of the DENDRAL effort, termed Meta-DENDRAL, aims at providing 
theory formation help for chemists interested in the mass spectrometric 
behavior of new classes of compounds. Our goals are necessarily 
long-range because theory formation by computer is itself an exciting, 
unsolved problem in computer science. We have chosen to explore this 
problem in the context of mass spectrometry in order to make 
frontier computer research results available to working scientists. 

The problem of finding judgmental rules for use in a computer program is 
common to many biomedical computing projects, such as medical diagnosis 
and therapy recommendation programs. <SC?@, for example, Shortliffe, 
et-al.> In oriier to give these programs the knowledge that makes them 
perform at acceptable levels, a medical expert is often asked to 
summarize his own knowledge of the problem area in rules that the 
proqram can use. The neta-DENDRAL theory formation program is a 
paradigm for the kind of assistance that computers can give to the 
medical experts in this role. Programs of this sort can, first of all, 
provide the expert uith an interpreted summary of a large collection of 
"hard" empirical data. Second, the program can suggest to the expert 
plausible rules that appear to explain major features of the data. 
rhus, the expert is abl e to assimilate large collections of data in the 
rules given to the computer. iue believe that the meta-DENDRAL work is a 
useful model on which fruitful uork in other biomedical problems can be 
based. 

The over-all strategy of this research is to model the theory 
formation activity of scientists. i/e start with a set of empirical 
data which are known molecular structures and their associated mass 
spectra. By exploring the possible mechanistic explanations of each 
sass spectrum, the program is able to find a set of mechanisms that 
appear to be characteristic for the class of molecules. These 
characteristic mechanisms constitute the general mass spectrometry 
rules for the class, or a first-level theory for the class. Further 
refinements of the rules give more sophisticated restatements of the 
theory. 

k'e have designed the programs in such a uay as to provide useful 
results from the intermediate steps. The progress section discusses 
several sets of results that have been obtained, even though the 
entire program has not yet been completed. 

PROGRESS: 

In the past ten months (since January, 1973) the theory formation 
proqrams have seen significant application and significant new 
extensions. In addition, the work has been described in publications 
for both chemists and computer scientists. 

Applications of Existing Programs. 

The INTSUM program, for interpreting and summarizing the mass spectra 
of many known compounds of one class, was described in the previous 
annual report as essentially tinished. In this last period we have 
used this program to help understand the mass spectrometry of several 



classes of compounds, including estrogens, equilenins and other 
estroqenic steroids, androstanes, alkyd pregnanes, vinyl quinazalones, 
amino acids and aromatic acids. An article written for mass 
spectroscopists and soon to appear in Tetrahedron {Smith, et-al, 
enclosed) describes this proqram and its usefulness in unbcrstanding 
the previously unreported mass spectromctry of the equilenins. The 
amino acid and aromatic dcid results are useful for interpreting the 
mass spectra taken from those fractions of urine (see Part b). 

The INTSUM program is available to anyone who requests it, as stated 
in the article soon to appear. Because of the complexity of the 
proqraa, we recommend that mass spectroscopists use 
this program on a netuork computer after they have collected a number 
of mass spectra from a class of compounds whose fragmentation 
mechanisms they wish to investigate, 

Recent Extensions to Meta-DENDRAL. 

In this last period significant progress has been made on the theory 
formation programs that use the interpreted summary of the data provided 
by the INTS'IJH program. h simple rule formation program, described 
previously {HI7), finds the characteristic mass spectrometry mechanisms 
for a class of c0mpounds, assuming +.hat the compounds exhibit regular 
behavior as a class. Recent work has removed the restriction that the 
compounds must behave as a class - important classes can he found by the 
proqram within the set of given compounds, The procedure was described 
in a paper for the Third International Joint Conference on Artificial 
Intelligence, which is enclosed. [it the same time that the rule 
formation program looks for characteristic mechanisms, the class 
separation procedure refines the class of molecules that appear to 
behave uniformly (i.e., appear to exhibit most of the characteristic 
mechanisms). 

Another important extension of the theory formation program makes the 
rule descriptions more general and less specific to the class of 
compounds studied. The mechanisms in the rules are now described 
generally in terms of the kinds of bonds that break, and not in 
terms of the precise relations of the bonds to the skeletal structure 
common to the class. For example, a rule is now stated as "hny 
bond that is the second bond from a nitrogen atom is likely to 
break", rather than "In the skeleton R1-C2-N3-C4-R5 the bond betueen 
atoms 1 and 2 and the bond between atoms 4 and 5 are both likely to 
break". 

These general descriptions will allow much more freedom in the kinds of 
interpretations that can bz placed on the INTSUH results. It is 
possible, for example, to alter the set of predicates used to describe 
bonds without altering the program. 

The program can be conceptualized 3s a search program throuqh the space 
of possible combinations of predicates. Some predicates describe the 
type of bond (e-q., 'single'), others describe the atoms joined by the 
bond (e.g., 'nitrogen', 'secondary'), and others describe the bonds and 
atoms next away from the bond that breaks. Some a priori heuristics . 
limit consideration of complex predicates to chemically meaningful 
combinations, for example, by forbidding consideration of a single atom 
as both carbon and nitrogen, Other heuristics guide the process of 
expansion by forbidding a new predicate to be added to a description if 
its addition reduces the explanatory poner of the existing description. 
For example, if a high average intensity is associated with breaking the 



X-X bond in X-X-Y dnd frtrtt:er specification of either of the X's reduces 
the average intensity, then the description is not changed. 

In addition to the work just mentioned, a generative model of rule 
formation has been pursu!:d bj7 Carl Farrell in his dissertation work 
directed by Professor I:ei.g?nbaulr; and Dr. Uuchanan. He has written 
a program which accepts, as input, descriptions of specific molecules 
and all the primitive actions that miqht explain the mass spectra of 
those molecules. The output of the proqram is a set of general 
situation-action rules that describe classes of molecules that seem 
to be characteristically show evidence of significant actions. 

PLANS 

In the following period we plan to increase the performance capabilities 
Df the theory formation program in several ways, 

1. Sample Selection. 

The program's current strategy is to find the rules exhibited by most 
or all of the molecules in the initial sample. If the molecules are 
diverse, the rules will be diverse, Thus, we plan to add a 
preprocessor that can select a lfsim~lel' set of molecules for the rule 
formation to work with. For example, unbranched {straight-chain) 
compounds should be expected to preticnt fewer complications for initial 
theory formation than highly branched compounds. The effects of the 
complicating features can be studied after the simple rules have been 
found. 

2. Rule Clarification. 

After simple rules have been found, ue want the program to clarify 
the conditions under which the rules hold. By studying more 
complicated molecules, the proqram can find the simple rules that no 
longer hold for these cases. For example, we want the program to 
discover that terminal alpoa carbons (as in CH3-X-N) are special- 
Or, the program should discover the effects of double bonds by 
examining neu cases even thouqh the molecules in the original set 
contained no double bonds. 

3. Experimentation. 

Because the original set of molecules contains the simpler examples 
from which it is easier to find characteristic mechanisms, the 
program will need to clarify rules in the way suggested under (2). 
For a human scientist, this means describing new experiments to 
perform that will help place limits on the range of applicability of 
the rules, Looking at additional arbitrary molecules may be helpful, 
but not as helpful as looking at the specific molecules that will 
resolve specific questions about the preliminary rule set. 

4. Integration of Results. 

When the program has examined two or more classes of molecules, it I_ 
should be able to integrate the results into a common set of mechanisms 
(if any are co,nmon). The set of predicates used by the integration 
program may not have to be wider than the set used by the rule formation 
progran, but one would expect the rules themselves to be more qeneral. 
For example, intcqrating aliphatic amine and ether results should 
combine the separate alpha-cleavage rules {one with nitrogen, one 



with oxyqen) lnt0 a more goneral rule (specifying 'N Or O', Or 
'hetcroatom'). 
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HUMAN SUBJECTS 



HUMAN SUBJECTS 

As a part of this research project, GC/MS analysis techniques will 
be applied to human body fluids in collaboration with clinical investigators, 
and blood and urine specimens will be collected from human subjects. 
Collection of VOIDED URINE SPECIMENS presents no risk to the patient. 
Collection of blood samples will not be taken solely for the purpose of 
this research but rather would be collected as part of a diagnostic procedure 
deemed necessary for clinical diagnosis. 



The undersigned agrees to accept responsibility 
for the scientific and technical conduct of the project 
and for provision of required progress reports if a 
grant is awarded as the result of this application. 

Principal In+stigator 
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FIGURE 2 

Ff',E DPH01594 USING REP FILE HP801564 
SOURCE IS urine-fraction:aminoacids(Gehrke technique 
Ct?P ID IS GVP-17H 
UBCEFINED MASS OF flC!L ICN DATE RUB 730313 
RUN CN KAT 711 E8P DOUN SCAEi 
THBESHOLD= 4, FEAKS REJECTED 107 POE AREA, 0 FOR UIDTB 
SAflP RATE=10800 , MIN WIDTfI= 2, !!IP AREA= 18 
(15.6 SECS, 1.49 DECS), TDEC=10,5 
NUHRER CF PEAKS POUND=170 ARRAY SPACE USED( 1750/ 8000)= 21.9% 

38 CALIE MASSES WITH LAST CKE=455,0, 6 BASSES ABCVE NOT POUND 
PlISSED CALIBRATION MASSES: 
281.0 
************t***** TABLE OF PROJECTICN EBRCBS ***+*+************** 

28.0 9.5 31.0 43.6 44.0 2.8 51.0 24.9 69.0 -0.3 
81.0 0.3 93.0 O-3 100.0 0.2 112.0 -0.5 119.0 -0.2 

131.0 -0-2 143.0 0.1 155.0 0-l 162.0 0.1 169.0 -0.9 
18 1.0 2.4 .193.0 -2.3 205.0 1.5 212.0 -0.2 219.0 -0.9 
231-O 4.1 243.0 -4.4 255.0 1.8 269.0 -0.9 293.0 1.5 
305.0 0.4 319.0 -2.0 331.0 2.6 343.0 -2.2 355.0 2.6 
367.0 0.6 381.0 1.1 393.0 5.1 405.0 4.4 417.0 -1.7 
431.0 2.0 443.0 -4.0 455.0 6.6 
BASS PILE flPHOl594 HAS BPEN CREATED WITH 84 MASSES FOUND 
SABPLE EASE PEAK IS 3.7 VCLTS Ah'D REF EASE PEAK IS 174.5 YCLTS 
HATCHING TCLERAHCE= 4,COO M!lU FRCE WASS 40 TO 300 
WATCHING C 

BASS 
41.03931 
43,053t?8 
55.01820 

55.05510 
56.06277 
57.07068 
64.01433 

6e.96245 
68-97505 
69.03101 

70.03085 

75.00519 

83.01006 

84.04382 

85-02852 

15 H 20 0 5 N 4 FL 6 
AREA Ri!lU ERRCR CCBPOSITICN 
58.0 0,183 c 3H 5 

5.4 -0,899 C 3H 7 
3.5 1.153 C 1H 1N 3 

-0,189 c 3E 30 1 
12.0 0.321 c 4E 7 
33.9 0,180 C 4H 8 
72.8 0.248 C 4H 9 

4.0 -1,721 C 1H 45: 3 
1.863 C 2H 2PL 2 

3.7 
4.7 
5.4 -1,698 c 2R 31 3 

-3.04 1 c 4H 5c 1 
4.4 2.907 C 1H 21 4 

1.564 c 3E 40 1B 1 
-3,405 H 4 N 2FL 2 

6.2 -1,682 H 10 21J 3 
-3,025 c 2E 30 3 

0,560 C 3H 1PL 2 
-0,585 fI 20 IFL 3 

5.8 -1.911 c 2H 1c 1N 3 
-3.253 c 4H 30 2 
-'O-814 c 2B 2PL 3 

6.0 0,230 c 2R 4bi 4 
-1,113 C 4B 6C 11 1 

35.3 0.914 c 2H 3c 1P 3 
-0.429 c 4H 50 2 



2.011 
96.00504 9.5 -0:83 3 

-2.170 
-3.513 

3.896 
2.751 

-1.073 
134.96208 3.3 
137.00035 4.6 1.639 

-2,383 
0,494 

-2, 185 
-3,528 
-3.330 

2,934 
-1.088 
-0,890 
-2.233 

139.02548 5.6 2,567 
-0.113 
-1.455 
-1.258 
-2.600 

2.129 
2.327 
0,984 

-0.160 
-3.985 

140.03549 3-2 2.065 
0.722 

-1.957 
0,920 

-0.423 
-3.102 

3.162 
-1.807 

152.03288 66.1 2.141 
-0,538 
-1.881 
-1.683 
-3.025 

1,704 
1.902 
0,559 
0,757 

-0.586 
153-03532 4.9 2,620 

1.278 
-3,254 
’ 1,475 

0.133 
0.331 

-3.69 1 
-1.012 

C’2H 4FL 3 
C la 4c 5 
c 20 1H 4 
C 4H 20 21 1 
C 5fl 10 1FL 1 
C 2H 20 2FL 2 
c 2B ,l bl 1 FL 3 

C 5H 10 3N 2 
C 10 H 10 1 
C 2B 2C 4N 2EL 1 
C 50 1N 3fL 1 
C 7H 2C 2PL 1 
C 2H 10 2nr 3PL 2 
H 10 2ti 2FL 4 
c 58 1FL 4 
U3PL 5 
c 2ti 2c 1FL 5 
C 1H 5C 5N 3 
c 4R 3c 21 4 
C 6B 5C 3N.l 
C 1H 4C 3N YPL 1 
C 3H 6C 4N 1PL 1 
C 78 3N 1PL 2 
C 2H 2N 4FL 3 
C 4H 40 1N 1PL 3 
C 1B 5C 2N 1FL 4 
C 1E 4B 2FL 5 
C 4FI 4C 21 4 
C 6H 60 3N 1 
C 9H 4N 2 
C 1 H 5 0 31 4FL 1 
C 3B 7C 4N 1FL 1 
C 6H 50 1N 2PL 1 
C 48 5-O 1I 1PL 3 
C 1H 5N 2PL 5 
C 2H 6C 5N 3 
C 5R 4C 2N 4 
C 7H 60 3N 1 
C 2E! 5C 3bl 4FL 1 
C 4B 70 4N 1FL 1 
C 8R 4N 1FL 2 
C 38 3N 4PL 3 
C 5H SC 1N 1PL 3 
H 40 1N 4PL 4 
c 2B 60 21 1PL 4 
C 9R 31 3 
CllR 50 1 
C 2B 7C 5N 3 
C 6B 40 1N 3PL 1 
C 8B 6C 2PL 1 
C 3H SG 2N3fL 2 
C 8EI 5bl 1FL 2 
C 5H 7C 3fL 2 



-3.494 
2.573 

164.00092 3.5 3.877 
2.534 

-0.145 
2,732 
1,389 

-1.290 
-2,435 
-3,580 

3.829 
1.150 

173.98967 6.3 . 1.963 
-2.059 

0.818 
-3,204 
-3,006 

3.258 
-0.764 

174.99890 11,4- -2.896 
0.491 
3,368 

-0,654 
2.223 

-0,456 
-1,799 
-1.601 
-2.943 

0.641 
178.98990 3.5 0,599 

-3.423 
-0,546 
-1.691 

1,894 
-2,128 
-3.273 

180-02676 87.2 -1,582 
-2,925 

1.805 
-2.727 

3.339 
2.003 
0,660 

-3,872 
3.537 
2.194 

181.03192 12.5 2.973 
3.171 

-0,851 
al.828 
2.026 
0.683 

-0,653 
-l-Q96 

C 3H 4N 4PL 3 
C 6R 5FL 4 
C 50 3N 4 
C 7H 2G 4N 1 
c 10 0 1N 2 
C 28 1C 4N 4FL 1 
C 4H 3C 5N 1PL 1 

C 7H 1C 21 2PL C 4H 20 3N 2FL : 
C 1Ei 30 4N 2FL 3 
C 2R 20 31 1FL 4 
c 5at 2FL 4 
C 50 3N 2PL 2 
c 10 0 1FL 2 
C 2H 10 4N 2FL 3 
C 7H 10 2PL 3 
C 20 2N 3FL 4 
C 21 2FL 6 
C 5FL 6 
C 7H 10 3N 3 
C 13 FL 1 
c SH 10 3N 2FL 2 
ClOH 1C 1 FL 2 
C 2B 20 4N 2FL 3 
c 50 1N 3PL 3 
C 7H 2C 2FL 3 
C 2B 10 2N 3FL 4 
C 4H 3C 3FL 4 
C 5H 1FL 6 
c 70 3N 2FL 1 
C12C 1FL 1 
c 4n 10 4N 2PL 2 
C 1H 2C 5N 2FL 3 
C 20 2% 2FL 5 
c 7FL 5 
C 4H 1C 1FL 6 
c 6H 40 3N 4 
c 8H 6C 4N 1 
C12E.I 3N 1FL 1 
C 3H 5C 4N 4FL 1 
c 6H 6C 4FL 2 
c 7B 2N 4PL 2 
C 9H 40 1N 1PL 2 
Ef 6C 5N 4PL 2 
C 1B SC 4N 3FL 3 
c 3a 7C 5FL 3 
~12~50 2 
c 7H '4C 2N 3FL 1 
c12EJ 4N 1PL 1 
c 9A 6C 3FL 1 
c 4H SO 3N 3PL 2 
c 6H 7C 4FL 2 
c 7H 3P 4FL 
c 9H 50 1I 1;L 2 



190.99983 

196.95901 
198.03705 

199.03798 

199.98764 

200.99631 

217.99628 

0.881 
-01462 

7.6 3,119 
1.776 

-0.903 
1.974 

-0,705 
-2.048 
-1,850 
-3.193 

1.537 
-2,995 

3.2 
1co.o 2.670 

-1.862 
-3.204 

2: 868 
1.525 

-3,006 
3,060 
1,723 
0,380 
3,258 

3.7 -0.190 
2,489 

-1,533 
-1.33s 
-2.678 

2.052 
-2,480 
-3,823 

. 2,250 
0,907 

7-7 1,838 
-2,184 

0,693 
-3.329 
-3,131 

3.133 
-0,889 

1.988 
-2,039 
-1,836 

26.7 2.681 
-1,341 
-1,143 

\ 1,536 
72,486 
-2,288 
-3.63 1 

1,099 
-3.433 

3.976 
4.4 -2.778 

C 1E 60 4P 3FL 
C 3H 80 5FL 3 
c 7H 10 411 3 
C 9'8 30 S 
C128.10 2B 1 
c 4B 20 5B 3PL 
C 70 2N 4EL 1 
c 9H 20 3bT 1PL 
C 4H 10 319 4FL 
C 6H 3C 41J 1 FL 
C 10 N 1PL 3 
C 1H 20 41p 4PL 

C15B 4N 1 
C 6H 60 419 4 
C 8H 80 5s 1 
C 10H 3 P 4 FL 1 
C12H 5c lB1 1 FL 
C 3H 70 SH 4FL 
c 6H 8C SFL 2 
c 7H 4C lbi'4FL 
C 9H 60 21 1 FL 
C 1H 7C SI 3FL 
ClOB 50 2a 3 
c 7H 7c SN 2 
c 12 H 70 3 
c 7B 6G 38 3FL 
C 9H 80.4PL 1 
C13H 5FL 2 
C 4H 7C 4Ei 3PL 
C 6H 90 SPL 2 
C 8B 4N 3PL 3 
C 10 H 60 1FL 3 
c 90 4-B 2 
Cl40 2 

3 

1 

1 . 
2 
2 

3 

1 
1 

2 
2 
3 

1 

2 

c 6H 10 sat 2PL. 1 
c 11 ?I 1c 3fL 1 
C 60 3N 3FL 2 
C 40 31 2FL 4' 
c 90 1EL 4 
C 1H lG 48 2PL 5 
c 6H 10 TFL 5 
C lo 28 3fL 6 
C9HlO4a2 
c 14 H 1c 2 
C 90 20 3PL 1 
c 6H IO 58 2FL 1 
CllH 2C 3FL 1 
c 6H 1C 3% 3PL 2’ 
c 8H 3C &FL 2 
C12PL 3 
c 3B 20 UN 3PL 3 ., 
C 4H 1C 3N 2FL 4 
Cl20 2li 3 



223.98842 - 
-3.231 

10,9- 2.617 
1.472 

-2.550 
-2,352 
-3.695 
-3.497 

3.912 
-0.110 

2.767 
-1,255 

225.02393 6.2 3.802 
-2.072 

3,994 
2.657 
1,315 
1.512 
0.170 

-2,510 
0.368 

-0;975 
226.03322 10.2 -0,603 

2.784 
2.982 
1,639 

-1.040 
1.837 
0,494 

-2,185 
0,692 

-0.651 
236.99301 3.3 -0.625 

'I.770 
1.815 

-2.207 
Ok670 

-3.352 

-0.099 
-3.923 

3.486 
-0.536 

2,341 
-1.681 

1,196 
-1,483 
-2,826 

219.99133 7.9 0.443 
-0.702 
-1,846 

1,738 
-2.284 

0,593 
-3,429 
-0.551 

C 9H 2C 5N 2 
c 9n 10 3N 3PL 1 
Cl00 2ar 2FL 2 
c 15 PL 2 
C 7H 1c 31 2EL 3 
c 12 n 10 1PL 3 
C 4H 2C UN 2FL 4 
c 70 1N 3PL 4 
C 9H 20 2FL 4 
Cl20 3ii 2 
C 9H 10 UN 2FL 1 
C 6H 20 5N 2PL 2 
C 70 2N 2PL 4 
c 12 PL 4 
C 4H 10 3N 2PL 5 
C 9H 1C 1PL 5 
C 1H 20 UN 2FL 6 
c 40 1P 3PL 6 
Cl10 4P 2 
c 8H IC 5N 2FL 1 
C 13 H 1c 3PL. 1 
C 80 3N 3FL 2 
ClOH 20 UPL 2 
C 5H 1C 4N 3fL 3 
C 60 3N 2PL 4 
c 11 0 1FL 4 
C 3H 1C 4E 2FL 5 
c 8H 1c 2PL 5 
C 14 H 1N 4 
C 7H 50 51 4 
C 10 H 6C 5PL 1 
CllH 20 1N 4PL 1 
C13H 4C 2N 1FL 1 
C 8H 30 2N 4FL 2 
c 10 H 5 $7 3N 1PL 2 
C13H 3N 2PL 2 
C 5H 4C 3N 4PL 
C 7H 6C 4N 1 FL 3 
C 7H 6C 5B 4 
C13H 50 2N 1FL 1 
C 8H 4C 2N 4PL 
ClOH 6C 3N 1 FL ; 
C13H 48 2FL 2 
c 5H 50 31 4PL 3 
C 78 7C 4N 1FL 3 
C 10 H 50 1N 2FL 3 
C 2H 6C 4B 4FL 4 
c 4H 80 5N 1PL 4 
C 12 H 1c 4B 2 
C 9A 2C 5N 2FL 1 
c 10 0 2N 2PL 3 
c 1s FL 3 
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APPENDIX B 

LETTERS OF INTEREST 



STANFORD UNIVERSITY 
STANFORD, CALIFORNIA 94305 

DEPARTMENT OF CHEMISTRY 

December 17, 1973 

Professor Carl Djerassi 
Department of Chemistry 
Stanford University 
Stanford, California 94305 

Dear Carl: 

I am writing to indicate the anticipaJed use of mass spectral 
facilities by my research group in the for,seeable future. As has 
been true in the past, we plan to utilize both GC/HRMS and simple 
HRMS for various purposes, especially 1) the determination of structure 
of enzymic cyclization products, including members of the lanosterol 
class, derived from squalene oxide-like substrates, the purpose being 
the elucidation of the mechanism of enzymic steroid synthesis, and 2) 
the characterization and confirmation of structures of intermediates 
in the synthesis of natural products, including polycyclic terpenoids, 
alkaloids of physiological interest, and nucleosides,and 3) identifi- 
cation and/or structure determination of organic materials employed 
in our organic-inorganic program devoted to nitrogen fixation and 
related processes. 

Very truly yours, 

E. E. van Tamelen 
Professor of-chemistry 

EEvT/jlb 



OFFICE MEMORANDUM l STANFORD UNIVERSITY a OFFICE MEMORANDUM 

To : 

FROM : 

SUBJECT: 

DATE: December 3, 

Carl Djerassi 

Keith Hodgson 

Response to inquiry about GC/HRMS 
facility 

In response to your three questions 
concerning the potential use of upgraded 
GC/HRMS facilities: 

1. Yes, especially in the study of certain 
biological ligands and lower molecular 
weight ligand-metal complexes. 

2. Potential use of the facility might run 
in the range of 8-10 samples per year most 
of which probably would be handled most 
easily by simple HRMS. 

for the next 



OFFICE MEMORANDUM l STANFORD UNIVERSITY l OFFICE MEMORANDUM . STANFORD UNIVERSITY . OFFICE MEMORANDUM 
. 

DATE: December 3, 1973 lz 

2: 
To : Professor Carl Djerassi 2 

E: 
=i 4 

FROM : James P. Collman 
Professor of Chemistry 

. 

SUBJECT: 

Please excuse our belated response to your inquiry of November 20 
concerning a potential upgrading of mass spectrometry facilities. The 
service you mention in your memo of the 20th would be valuable to us. 
We would have significant use for the GC/HRMS for a project dealing 
with models for cytochrome Pdso based monooxygenases currently 
supported by the NIH. 

JPC :lb 

l 



OFFICE MEMORANDUM . STANFORD UNIVERSITY l OFFICE MEMORANDUM . STANFORD UNIVERSITY . OFFICE MEMORAFtDUM 
. 

DATE: December 13, 1973 

To : Professor Djerassi 

FROM : Professor Harry S. Mosher 

SUBJECT: Your proposal to the NIH 

On our NIH Grant on the investigation of animal toxins we have been 
studying natural products from the skin of Central American frogs 
(atelopidtoxin) and some products from marine animals (n&dibranchs! as 
well as some new choline esters isolated from the hypobranchial gland 
of various sea snails. Some, if not all,of these are mixtures. 
Obviously the new capabilities of the mass spectrometry laboratory 
would be of value to me, I expect only occasional use of HRMS an.'. 
GC/HRMS, but on these occasions these techniques would be very important. 
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DATE: 14 December 1973 

To : 

FROM : 

SUBJECT: 

C. Djerassi 

W. S. Johnson 

OFFICE MEMORANDUM l STANFORD UNIVERSITY l OFFICE MEMORANDUM l STANFORD UNIVERSITY l OFFICE MEMORANDUM 
. 

The contemplated new facility for high resolution mass spectrometry and 
combined gas chromatography/high resolution mass spectrometry would be 
of extreme value to our research program concerning the non-enzymic 
biogenetic-like cyclization of polyolefines, a project which is presently 
supported by NIH Grant AM 3787-14. If this facility were to become 
available, we would expect to use it extensively in the analysis of product 
mixtures of the aforementioned cyclizations. We estimate that our need for 
the gas chromatographic capability would be about 20% of the total need 
for the mass spectrometry service. 

l 
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